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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] LiTa03 The in-series surface-acoustic-wave resonator which has the ctenidium-like electrode of a couple is connected 
to the in-series wiring on the piezo-electric substrate which consists of a crystal The parallel surface-acoustic-wave resonator 
which has the ctenidium-like electrode of a couple is connected to the aforementioned in-series wiring and the parallel wiring 
during a grounding, and grow into them. It is a ladder type surface-acoustic- wave VCF. the electrode thickness of the 
aforementioned in-series surface-acoustic-wave resonator Hs, The surface-acoustic-wave VCF characterized by these 
standardization thickness Hp/lambda and Hs/lambda being 0.0 1 <=|Hp/lambda-Hs/lambda|<=0. 1 when wavelength of Hp and a 
surface acoustic wave is set to lambda for the electrode thickness of the aforementioned parallel surface-acoustic-wave resonator. 
[Claim 2] LiNb03 The in-series surface-acoustic-wave resonator which has the ctenidium-like electrode of a couple is connected 
to the in-series wiring on the piezo-electric substrate which consists of a crystal. The parallel surface-acoustic-wave resonator 
which has the ctenidium-like electrode of a couple is connected to the aforementioned in-series wiring and the parallel wiring 
during a grounding, and grow into them. It is a ladder type surface-acoustic-wave VCF. the electrode thickness of the 
aforementioned in-series surface-acoustic- wave resonator Hs, The surface-acoustic- wave VCF characterized by these 
standardization thickness Hp/lambda and Hs/lambda being 0.01 <=Hp/lambda-Hs/lambda<=0.2 when wavelength of Hp and a 
surface acoustic wave is set to lambda for the electrode thickness of the aforementioned parallel surface-acoustic-wave resonator. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the surface-acoustic-wave VCF built in mobile 

communication equipments, such as a cellular phone. 

[0002] 

[Description of the Prior Art] The circuit diagram of the conventional ladder (ladder) type surface-acoustic-wave (by Surface 
Acoustic Wave, it abbreviates to SAW hereafter) VCF F is shown in drawing 5 . Drawing 5 (a) is [ a 2.5 step T type and (c of a 
2.5 step pi type and (b)) ] three step type things. Such ladder type SAW filter (henceforth SAW filter) F is obtained by forming 
two or more SAW resonators which consist of the ctenidium-like electrodes (henceforth [ it is Inter Digital Transducer and ] IDT 
electrode) 1 a and lb of a couple, and the reflectors 2 and 2 prepared in the ends of SAW propagation path of the IDT electrodes 
ia and lb on a piezo-electric substrate (not shown). In addition, for 11a, lib, and 1 lc, in (a), an in-series SAW resonator, and 
1 2a and 1 2b of a parallel SAW resonator and 3 are [ an input terminal and 4 ] output terminals. Similarly, in (b), an in-series 
SAW resonator, and 14a, 14b and 14c of 13a, 13b, and 13c are parallel SAW resonators, and an in-series SAW resonator, and 
1 6a, 1 6b and 1 6c of 1 5a, 1 5b, and 1 5c are parallel SAW resonators in (c). 

[0003] And if SAW resonator produces a resonance on a certain specific frequency and an in-series SAW resonator and a parallel 
SAW resonator are connected to a ladder type, as shown in drawing 6 (b), it can constitute a band-pass filter. Drawing 6 (a) 
shows the impedance absolute value |Z|-frequency characteristic of an in-series SAW resonator and a parallel SAW resonator, 
and the so-called resonance frequency from which an impedance serves as the maximum on a specific frequency, respectively 
exists, moreover, (a) -- setting — Hp The electrode thickness of a parallel SAW resonator, and Hs the electrode thickness of an 
in-series SAW resonator -- it is — conventional Hp =Hs it was . In addition, in (b), S21 is a parameter proportional to signal level. 

[0004] 

[Problem(s) to be Solved by the Invention] However, generally all the thicknesss of the electric conduction layer except the pad 
section for wire bonding were produced as the same from the ground of the number curtailment of membrane formation processes 
of electric conduction layers, such as IDT electrode. Then, since the shape-factor section determined by the constant peculiar to a 
piezo-electric substrate material, for example, an electromechanical coupling coefficient etc., was loose and large when preparing 
a predetermined decrement region near the transit frequency band, for example, a 869-894MHz frequency band, sufficient 
frequency margin was not securable in the standup section or the falling section of a transit frequency band edge. The 
aforementioned shape-factor section is the main fraction of the standup section, or the main fraction of the falling section, and is 
an about -3.5dB - about -20dB field. 

[0005] That is, although the shape-factor section is stored in a predetennined specification frequency span (20MHz) and an ideal 
secures sufficient frequency margin for the both sides in the falling section of the high region side edge section of a transit 
frequency band as shown in drawing 6 (b), a frequency margin hardly exists in the high region side of the shape-factor section in 
fact. In this case, whether a frequency margin is narrow and since it did not exist, the following troubles had arisen. 
[0006] It is explained using drawing 7 . it is based on this drawing showing the relation between the number of an SAW filter, 
and the frequency near the shape-factor section, drawing 7 (a) being the case where the frequency margin exists in the both sides 
of the shape-factor section enough since the shape-factor section (not shown) is steep, and a wave carrying out the parallel 
displacement of the frequency shaft top by change of the terms and conditions of a manufacture process in this case — varying 
(calling it manufacture deflection curvilinear section in drawing) — it can store in a specification frequency span On the other 
hand, as shown in drawing 7 (b), though the aforementioned dispersion is almost fixed, since the shape-factor section is 
gently-sloping and large, a frequency margin does not exist in the both sides of the shape-factor section enough, but as a result, a 
specification frequency span becomes narrow relatively to the aforementioned dispersion, and the product (specification out 
article) which jumps out of the inside of a specification frequency span for the aforementioned dispersion comes out. 
Conventionally, such a specification out article was generated about 30%. 

[0007] Therefore, this invention raises the steep nature of the shape-factor section in the standup section or the falling section of a 
transit frequency band edge, secures sufficient frequency margin for the both sides of the shape-factor section, and, as a result, 
aims at canceling that a frequency varies by change of the terms and conditions of a manufacture process, and a specification out 
article is generated. 
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[0008] 

[Means for Solving the Problem] The surface-acoustic-wave VCF of this invention is LiTa03. The in-series 
surface-acoustic-wave resonator which has the ctenidium-like electrode of a couple is connected to the in-series wiring on the 
piezo-electric substrate which consists of a crystal. The parallel surface-acoustic-wave resonator which has the ctenidium-like 
electrode of a couple is connected to the aforementioned in-series wiring and the parallel wiring during a grounding, and grow 
into them. It is a ladder type surface-acoustic-wave VCF. the electrode thickness of the aforementioned in-series 
surface-acoustic- wave resonator Hs, When wavelength of Hp and a surface acoustic wave is set to lambda for the electrode 
thickness of the aforementioned parallel surface-acoustic-wave resonator, It is characterized by these standardization thickness 
Hp/lambda and Hs/lambda being 0.01 <-|Hp/lambda-Hs/lambda|<=0. 1 , and the steep nature of the standup section of a transit 
frequency band edge or the falling section is raised by such configuration. 

[0009] Moreover, the surface-acoustic- wave VCF of this invention is LiNb03. The in-series surface-acoustic-wave resonator 
which has the ctenidium-like electrode of a couple is connected to the in-series wiring on the piezo-electric substrate which 
consists of a crystal. The parallel surface-acoustic-wave resonator which has the ctenidium-like electrode of a couple is connected 
to the aforementioned in-series wiring and the parallel wiring during a grounding, and grow into them. It is a ladder type 
surface-acoustic-wave VCF. the electrode thickness of the aforementioned in-series surface-acoustic-wave resonator Hs, When 
wavelength of Hp and a surface acoustic wave is set to lambda for the electrode thickness of the aforementioned parallel 
surface-acoustic-wave resonator, it is characterized by these standardization thickness Hp/lambda and Hs/lambda being 0.01 
<=Hp/lambda-Hs/lambda<=0.2. 

[0010] Moreover, the aforementioned piezo-electric substrate is LiTa03 of 36 degreeY cut-X propagation preferably. LiNb03 of 

a crystal or 64 degreeY cut-X propagation It consists of a crystal. 

[0011] 

[Embodiments of the Invention] Drawing 1 explains this invention. This drawing (a) is the electrode layer thick Hp of a parallel 
SAW resonator about the electrode layer thick Hs of an in-series SAW resonator. The graph of the |Z|-frequency characteristic 
when making it thin, The graph of the filter shape in the case of (b) being a thing corresponding to (a) and establishing a 
predetermined decrement region in the high region side of a transit frequency band, (c) is the electrode layer thick Hp of a parallel 
SAW resonator. Electrode layer thick Hs of an in-series SAW resonator The graph of the |Z|-frequency characteristic when 
making it thin and (d) are the things corresponding to (c), and are the graph of the filter shape in the case of establishing a 
predetermined decrement region in the low-pass side of a transit frequency band. 

[00 1 2] It sets to this invention and they are Hs and Hp. It is desirable to make it as thick as possible, and this is because the 
degree of steepness when deltaf=fa-fr (fa:antiresonant frequency, frxesonance frequency) of SAW resonator becomes small and 
constitutes an SAW filter will improve if an electrode thickness is thickened, as shown in drawing 3 and the drawing 4 . It is data 
of SAW resonator of transposition width-of-face SOlambda (lambda is the wavelength of SAW) of 50 pairs of logarithms, and 
IDT electrode, in addition, the drawing 4 -- DDT electrode -- For the black dot mark, a piezo-electric substrate is LiNb03 of 64 
degreeY cut-X propagation. Although it consists of a crystal, for the graph of a deltaf-(aluminum) electrode layer thick H 
property, and the white square mark, a piezo-electric substrate is LiTa03 of 36 degreeY cut-X propagation. Although it consists 
of a crystal, it is the graph of a deltaf-(aluminum) electrode layer thick H property. 

[00 1 3] However, Hs and Hp Hs =Hp If it is simultaneously made thicker than the former in the status, the frequency margin in 
nan-owing and a transit frequency band will also decrease to transit frequency bandwidth. Therefore, if it is the case where a 
decrement region is set to the low-pass side near the transit frequency band, or a high region side and it is the direction with a 
decrement region, for example, a high region side, it is the electrode layer thick Hs of an in-series SAW resonator. Thickening is 
desirable and it improves only the degree of steepness of the high region side edge section of a transit frequency band in that case. 
[0014] Moreover, a piezo-electric substrate is LiTa03. When it consists of a crystal, it is related with standardization thickness 
Hp/lambda and Hs/lambda (lambda is the wavelength of SAW). It is referred to as 0.0 1 <=|Hp/lambda-Hs/lambda|<=0. 1 and a 
control of a thickness is difficult at |Hp/lambda-Hs/lambda|<0.0 1 . Moreover, the effect of this invention is not demonstrated, it is 
easy to shift from the value (50ohms) which the impedance in the transit frequency band of an SAW filter should adjust with an 
external circuit in |Hp/lambda-Hs/lambda|>0. 1, therefore the frequency deviation in a transit frequency band becomes large. 
Preferably, being referred to as 0.05 <=|Hp/lambda-Hs/lambda|<=0. 1 is good. 

[0015] A piezo-electric substrate is LiNb03. It is referred to as 0.01 <=Hp/lambda-Hs/lambda<=0.2 when it consists of a crystal. 
In Hp/lambda-Hs / lambda< 0.0 1 , a control of a thickness is difficult, the effect of this invention is not demonstrated, it is easy to 
shift from the value (50ohms) which the impedance in the transit frequency band of an SAW filter should adjust with an external 
circuit in Hp/lambda-Hs / lambda> 0.2, therefore the frequency deviation in a transit frequency band becomes large. Preferably, 
being referred to as 0.05 <=Hp/lambda-Hs/lambda<=0. 1 is good. 

[00 1 6] The SAW filter of this invention is a ladder type thing which the in-series SAW resonators 1 1 a, 1 1 b, and 1 1 c which have 
IDT electrode of a couple are connected to an in-series wiring, and the parallel SAW resonators 12a and 12b which have IDT 
electrode of a couple are connected to the aforementioned in-series wiring and the parallel wiring during a grounding, and grows 
into them, as shown in drawing 5 (a). Moreover, it is applicable not only to the 2.5 step pi type of drawing 5 (a), the 2.5 step T 
type of (b), and the three step type of (c) but an one step type or the thing which made multi-stage connection more. 
[0017] In this invention, it consists of aluminum or an aluminum alloy (an aluminum-Cu system, aluminum-Ti system, etc.), 
especially aluminum has high excitation luminous efficacy, and since a material cost is low, IDT electrode and the reflector of 
SAW resonator have it. [ desirable ] Moreover, DDT electrode is formed by the thin film forming methods, such as a vacuum 
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deposition, the sputtering method, or CVD. 

[00 1 8] And the width of face of 50 to about 200 and an electrode finger is suitable for the logarithm of IDT electrode in that the 
spacing of about 0.1-10.0 micrometers and an electrode finger sets opening width of face's (transposition width of face's) of about 
0. 1 -'si 0.0 micrometers' and an electrode finger to about 1 O-'sl 50 micrometers acquiring the expected property as a resonator or a 
VCF. Moreover, if piezoelectric material, such as a zinc oxide and an aluminum oxide, is formed between the electrode fingers of 
IDT electrode, the resonance luminous efficacy of SAW improves and is suitable. 

[00 1 9] As a piezo-electric substrate for SAW filters, it is LiTa03 of 36 degreeY cut-X propagation. LiNb03 of a crystal and 64 
degree Y cut-X propagation LiB4 07 of 45 degreeX cut-Z [ besides a crystal ] propagation An electromechanical coupling 
coefficient is [ a crystal etc. ] large, and, for a parvus reason, a group-delay temperature coefficient is desirable. The thickness of a 
piezo-electric substrate has about 0.3-0.5 goodmm, a piezo-electric substrate becomes brittle in less than 0.3mm, and a material 
cost becomes large in 0.5mm **. 

[0020] In this way, this invention raises the steep nature of the shape-factor section in the standup section or the falling section of 
a transit frequency band edge, sufficient frequency margin for the both sides of the shape-factor section is secured, and, as a result, 
it has a high yield and the operation effect of considering as the thing of a low cost. 

[0021] In addition, this invention is not limited to the above-mentioned operation gestalt, and the various change in within the 

limits which does not deviate from the summary of this invention does not interfere at all. 

[0022] 

[Example] The example of this invention is explained below. SAW filter F of the 2.5 step pi type of drawing 5 (a) was produced 
by following processes (1) - (5). 

[0023] (1) LiTa03 of 36 degreeY cut-X propagation On the wafer of the piezo-electric substrate which consists of a crystal, the 
resist was applied, the adhesion exposure machine using the ultraviolet-rays (Deep-UV) light source performed photo 
lithography, and the negative pattern of much SAW filter F was formed. 

[0024] (2) On the aforementioned negative pattern, aluminum was formed with the electron-beam-evaporation machine. 
[0025] (3) The lift off of the pattern of unnecessary aluminum was carried out in resist sublation liquid, and aluminum pattern of 
SAW filter F was formed. 

[0026] (4) The process of (1) - (3) was repeated twice, and it is the standardization thickness Hs of the electrode of an in-series 
SAW resonator / lambda= 0.06 (Hs = about 2500**, lambda= about 4.4 micrometers), and the standardization thickness Hp of 
the electrode of a parallel SAW resonator / lambda= 0.08 (Hp = about 3500**), and was made to be set to Hp/lambda-Hs / 
lambda= 0,02, 

[0027] (5) The package lid was put and closed, after having cut into each SAW filter F in the dicing method the wafer which 
patterning completed, having pasted up in the package for SMD (Surface Mounted Device:surface mount element), having fixed 
each SAW filter F by the epoxy resin and carrying out the ultrasonic bonding of the pad section of a package, and the pad section 
of SAW filter F with aluminum wire of 35microphi (diameter of 35 micrometers). 

[0028] and the in-series SAW resonators 1 la, 1 lb, and 1 lc and the parallel SAW resonators 12a and 12b -- 40 pairs and 
transposition width of face made [ the logarithm of the IDT electrodes 1 a and 1 b ] 301ambda (it is the wavelength of SAW and 
lambda is about 4.4 micrometers), and the number of electrode fingers of reflectors 2 ten by 20, parallel SAW resonator 12a, and 
12b side by in-series SAW resonatorsa [11] and 1 lb and 1 lc side 

[0029] Thus, the filter shape of produced SAW filter F is measured using a network analyzer, and the result is shown in drawing 

2 . Drawing 2 (a) is this invention article, and becomes steep [ the shape-factor section ] compared with the conventional article 

of (b), the frequency span also becomes below a half and the frequency margin has doubled [ more than ]. 

[0030] Therefore, when 1000 SAW filter F was produced, the defective resulting from the aforementioned frequency margin was 

completely lost, and became about 100% of the yield. 

[0031] 

[Effect of the Invention] In a ladder type SAW filter, standardization thickness Hs/lambda of the electrode of an in-series SAW 
resonator and standardization thickness Hp/lambda of the electrode of a parallel SAW resonator this invention by differing with a 
predetermined value The steep nature of the shape-factor section is raised in the standup section or the falling section of a transit 
frequency band edge, secure sufficient frequency margin for the both sides of the shape-factor section, as a result, a frequency 
varies by change of the terms and conditions of a manufacture process, and a specification out article is generated — preventing — 
high — it has the effect of considering as a yield thing 
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Field 



[The technical field to which invention belongs] this invention relates to the surface-acoustic-wave VCF built in mobile 
communication equipments, such as a cellular phone. 
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Technique 



Pescription of the Prior Art] The circuit diagram of the conventional ladder (ladder) type surface-acoustic-wave (by Surface 
Acoustic Wave, it abbreviates to SAW hereafter) VCF F is shown in drawing 5 . Drawing 5 (a) is [ a 2.5 step T type and (c of a 
2.5 step pi type and (b)) ] three step type things. Such ladder type SAW filter (henceforth SAW filter) F is obtained by forming 
two or more SAW resonators which consist of the ctenidium-like electrodes (henceforth [ it is Inter Digital Transducer and ] IDT 
electrode) 1 a and 1 b of a couple, and the reflectors 2 and 2 prepared in the ends of SAW propagation path of the IDT electrodes 
1 a and lb on a piezo-electric substrate (not shown). In addition, for 11a, lib, and 1 lc, in (a), an in-series SAW resonator, and 
1 2a and 1 2b of a parallel SAW resonator and 3 are [ an input terminal and 4 ] output terminals. Similarly, in (b), an in-series 
SAW resonator, and 14a, 14b and 14c of 13a, 13b, and 13c are parallel SAW resonators, and an in-series SAW resonator, and 
1 6a, 1 6b and 1 6c of 1 5a, 1 5b, and 1 5c are parallel SAW resonators in (c). 

[0003] And if SAW resonator produces a resonance on a certain specific frequency and an in-series SAW resonator and a parallel 
SAW resonator are connected to a ladder type, as shown in drawing 6 (b), it can constitute a band-pass filter. Drawing 6 (a) 
shows the impedance absolute value |Z|-frequency characteristic of an in-series SAW resonator and a parallel SAW resonator, 
and the so-called resonance frequency from which an impedance serves as the maximum on a specific frequency, respectively 
exists, moreover, (a) — setting Hp The electrode thickness of a parallel SAW resonator, and Hs the electrode thickness of an 
in-series SAW resonator -- it is -- conventional Hp =Hs it was . In addition, in (b), S21 is a parameter proportional to signal level. 
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Effect 



[Effect of the Invention] In a ladder type SAW filter, standardization thickness Hs/lambda of the electrode of an in-series SAW 
resonator and standardization thickness Hp/lambda of the electrode of a parallel SAW resonator this invention by differing with a 
predetermined value The steep nature of the shape-factor section is raised in the standup section or the falling section of a transit 
frequency band edge, secure sufficient frequency margin for the both sides of the shape-factor section, as a result, a frequency 
varies by change of the terms and conditions of a manufacture process, and a specification out article is generated ~ preventing — 
high -- it has the effect of considering as a yield thing 



[Translation done.] 



1 of 1 



8/7/01 1:43 PM 



http^/www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLeJje 



* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

i .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, generally all the thicknesss of the electric conduction layer except the pad 
section for wire bonding were produced as the same from the ground of the number curtailment of membrane formation processes 
of electric conduction layers, such as IDT electrode. Then, since the shape-factor section determined by the constant peculiar to a 
piezo-electric substrate material, for example, an electromechanical coupling coefficient etc., was loose and large when preparing 
a predetermined decrement region near the transit frequency band, for example, a 869-894MHz frequency band, sufficient 
frequency margin was not securable in the standup section or the falling section of a transit frequency band edge. The 
aforementioned shape-factor section is the main fraction of the standup section, or the main fraction of the falling section, and is 
an about -3.5dB - about -20dB field. 

[0005] That is, although the shape-factor section is stored in a predetermined specification frequency span (20MHz) and an ideal 
secures sufficient frequency margin for the both sides in the falling section of the high region side edge section of a transit 
frequency band as shown in drawing 6 (b), a frequency margin hardly exists in the high region side of the shape-factor section in 
fact. In this case, whether a frequency margin is narrow and since it did not exist, the following troubles had arisen. 
[0006] It is explained using drawing 7 . it is based on this drawing showing the relation between the number of an SAW filter, 
and the frequency near the shape-factor section, drawing 7 (a) being the case where the frequency margin exists in the both sides 
of the shape-factor section enough since the shape-factor section (not shown) is steep, and a wave carrying out the parallel 
displacement of the frequency shaft top by change of the terms and conditions of a manufacture process in this case — varying 
(calling it manufacture deflection curvilinear section in drawing) -- it can store in a specification frequency span On the other 
hand, as shown in drawing 7 (b), though the aforementioned dispersion is almost fixed, since the shape-factor section is 
gently-sloping and large, a frequency margin does not exist in the both sides of the shape-factor section enough, but as a result, a 
specification frequency span becomes narrow relatively to the aforementioned dispersion, and the product (specification out 
article) which jumps out of the inside of a specification frequency span for the aforementioned dispersion comes out. 
Conventionally, such a specification out article was generated about 30%. 

[0007] Therefore, this invention raises the steep nature of the shape-factor section in the standup section or the falling section of a 
transit frequency band edge, secures sufficient frequency margin for the both sides of the shape-factor section, and, as a result, 
aims at canceling that a frequency varies by change of the terms and conditions of a manufacture process, and a specification out 
article is generated. 
[0008] 
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MEANS 



[Means for Solving the Problem] The surface-acoustic- wave VCF of this invention is LiTa03. The in-series 
surface-acoustic-wave resonator which has the ctenidium-like electrode of a couple is connected to the in-series wiring on the 
piezo-electric substrate which consists of a crystal. The parallel surface-acoustic- wave resonator which has the ctenidium-like 
electrode of a couple is connected to the aforementioned in-series wiring and the parallel wiring during a grounding, and grow 
into them. It is a ladder type surface-acoustic-wave VCF. the electrode thickness of the aforementioned in-series 
surface- acoustic- wave resonator Hs, When wavelength of Hp and a surface acoustic wave is set to lambda for the electrode 
thickness of the aforementioned parallel surface-acoustic-wave resonator, It is characterized by these standardization thickness 
Hp/lambda and Hs/lambda being 0.01 <=|Hp/lambda-Hs/lambda|<=0. 1, and the steep nature of the standup section of a transit 
frequency band edge or the falling section is raised by such configuration. 

[0009] Moreover, the surface-acoustic- wave VCF of this invention is LiNb03. The in-series surface-acoustic-wave resonator 
which has the ctenidium-like electrode of a couple is connected to the in-series wiring on the piezo-electric substrate which 
consists of a crystal. The parallel surface-acoustic-wave resonator which has the ctenidium-like electrode of a couple is connected 
to the aforementioned in-series wiring and the parallel wiring during a grounding, and grow into them. It is a ladder type 
surface- acoustic- wave VCF. the electrode thickness of the aforementioned in-series surface-acoustic-wave resonator Hs, When 
wavelength of Hp and a surface acoustic wave is set to lambda for the electrode thickness of the aforementioned parallel 
surface-acoustic-wave resonator, it is characterized by these standardization thickness Hp/lambda and Hs/lambda being 0.01 
<=Hp/lambda-Hs/lambda<=0.2. 

[0010] Moreover, the aforementioned piezo-electric substrate is LiTa03 of 36 degree Y cut-X propagation preferably. LiNb03 of 

a crystal or 64 degreeY cut-X propagation It consists of a crystal. 

[0011] 

[Embodiments of the Invention] Drawing 1 explains this invention. This drawing (a) is the electrode layer thick Hp of a parallel 
SAW resonator about the electrode layer thick Hs of an in-series SAW resonator. The graph of the |Z|-frequency characteristic 
when making it thin, The graph of the filter shape in the case of (b) being a thing corresponding to (a) and establishing a 
predetermined decrement region in the high region side of a transit frequency band, (c) is the electrode layer thick Hp of a parallel 
SAW resonator. Electrode layer thick Hs of an in-series SAW resonator The graph of the |Z|-frequency characteristic when 
making it thin and (d) are the things corresponding to (c), and are the graph of the filter shape in the case of establishing a 
predetermined decrement region in the low-pass side of a transit frequency band. 

[00 1 2] It sets to this invention and they are Hs and Hp. It is desirable to make it as thick as possible, and this is because the 
degree of steepness when deltaf=fa-fr (fa:antiresonant frequency, fr:resonance frequency) of SAW resonator becomes small and 
constitutes an SAW filter will improve if an electrode thickness is thickened, as shown in drawing 3 and the drawing 4 . It is data 
of SAW resonator of transposition width-of-face SOlambda (lambda is the wavelength of SAW) of 50 pairs of logarithms, and 
IDT electrode, in addition, the drawing 4 - IDT electrode - For the black dot mark, a piezo-electric substrate is LiNb03 of 64 
degreeY cut-X propagation. Although it consists of a crystal, for the graph of a deltaf-(aluminum) electrode layer thick H 
property, and the white square mark, a piezo-electric substrate is LiTa03 of 36 degreeY cut-X propagation. Although it consists 
of a crystal, it is the graph of a deltaf-(aluminum) electrode layer thick H property. 

[00 1 3] However, Hs and Hp Hs =Hp If it is simultaneously made thicker than the former in the status, the frequency margin in 
narrowing and a transit frequency band will also decrease to transit frequency bandwidth. Therefore, if it is the case where a 
decrement region is set to the low-pass side near the transit frequency band, or a high region side and it is the direction with a 
decrement region, for example, a high region side, it is the electrode layer thick Hs of an in-series SAW resonator. Thickening is 
desirable and it improves only the degree of steepness of the high region side edge section of a transit frequency band in that case. 
[0014] Moreover, a piezo-electric substrate is LiTa03. When it consists of a crystal, it is related with standardization thickness 
Hp/lambda and Hs/lambda (lambda is the wavelength of SAW). It is referred to as 0.01 <=|Hp/lambda-Hs/lambda|<=0. 1 and a 
control of a thickness is difficult at |Hp/lambda-Hs/lambda|<0.0 1 . Moreover, the effect of this invention is not demonstrated, it is 
easy to shift from the value (50ohms) which the impedance in the transit frequency band of an SAW filter should adjust with an 
external circuit in |Hp/lambda-Hs/lambda|>0. 1 , therefore the frequency deviation in a transit frequency band becomes large. 
Preferably, being referred to as 0.05 <=|Hp/lambda-Hs/lambda|<=0. 1 is good. 

[0015] A piezo-electric substrate is LiNb03. It is referred to as 0.01 <=Hp/lambda-Hs/lambda<=0.2 when it consists of a crystal. 
In Hp/lambda-Hs / lambda< 0.01, a control of a thickness is difficult, the effect of this invention is not demonstrated, it is easy to 
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shift from the value (SOohms) which the impedance in the transit frequency band of an SAW filter should adjust with an external 
circuit in Hp/lambda-Hs / lambda> 0.2, therefore the frequency deviation in a transit frequency band becomes large. Preferably, 
being referred to as 0.05 <=Hp/lambda-Hs/lambda<=0. 1 is good. 

[0016] The SAW filter of this invention is a ladder type thing which the in-series SAW resonators 11a, lib, and 1 lc which have 
IDT electrode of a couple are connected to an in-series wiring, and the parallel SAW resonators 1 2a and 1 2b which have IDT 
electrode of a couple are connected to the aforementioned in-series wiring and the parallel wiring during a grounding, and grows 
into them, as shown in drawing 5 (a). Moreover, it is applicable not only to the 2.5 step pi type of drawing 5 (a), the 2.5 step T 
type of (b), and the three step type of (c) but an one step type or the thing which made multi-stage connection more. 
[0017] In this invention, it consists of aluminum or an aluminum alloy (an aluminum-Cu system, aluminum-Ti system, etc.), 
especially aluminum has high excitation luminous efficacy, and since a material cost is low, IDT electrode and the reflector of 
SAW resonator have it. [ desirable ] Moreover, IDT electrode is formed by the thin film forming methods, such as a vacuum 
deposition, the sputtering method, or CVD. 

[001 8] And the width of face of 50 to about 200 and an electrode finger is suitable for the logarithm of IDT electrode in that the 
spacing of about 0.1-10.0 micrometers and an electrode finger sets opening width of face's (transposition width of face's) of about 
0. 1 -'s 1 0.0 micrometers' and an electrode finger to about 1 0-'s 1 50 micrometers acquiring the expected property as a resonator or a 
VCF. Moreover, if piezoelectric material, such as a zinc oxide and an aluminum oxide, is formed between the electrode fingers of 
IDT electrode, the resonance luminous efficacy of SAW improves and is suitable. 

[00 1 9] As a piezo-electric substrate for SAW filters, it is LiTa03 of 36 degreeY cut-X propagation. LiNb03 of a crystal and 64 
degreeY cut-X propagation LiB4 07 of 45 degreeX cut-Z [ besides a crystal ] propagation An electromechanical coupling 
coefficient is [ a crystal etc. ] large, and, for a parvus reason, a group-delay temperature coefficient is desirable. The thickness of a 
piezo-electric substrate has about 0.3-0.5 goodmm, a piezo-electric substrate becomes brittle in less than 0.3mm, and a material 
cost becomes large in 0.5mm **. 

[0020] In this way, this invention raises the steep nature of the shape-factor section in the standup section or the falling section of 
a transit frequency band edge, sufficient frequency margin for the both sides of the shape-factor section is secured, and, as a result, 
it has a high yield and the operation effect of considering as the thing of a low cost. 

[002 1] In addition, this invention is not limited to the above-mentioned operation gestalt, and the various change in within the 
limits which does not deviate from the summary of this invention does not interfere at all. 
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EXAMPLE 



[Example] The example of this invention is explained below. SAW filter F of the 2.5 step pi type of drawing 5 (a) was produced 
by following processes (1) - (5). 

[0023] (1) LiTa03 of 36 degree Y cut-X propagation On the wafer of the piezo-electric substrate which consists of a crystal, the 
resist was applied, the adhesion exposure machine using the ultraviolet-rays (Deep-U V) light source performed photo 
lithography, and the negative pattern of much SAW filter F was formed. 

[0024] (2) On the aforementioned negative pattern, aluminum was formed with the electron-beam-evaporation machine. 
[0025] (3) The lift off of the pattern of unnecessary aluminum was carried out in resist sublation liquid, and aluminum pattern of 
SAW filter F was formed. 

[0026] (4) The process of (1) - (3) was repeated twice, and it is the standardization thickness Hs of the electrode of an in-series 
SAW resonator / lambda= 0.06 (Hs = about 2500**, lambda= about 4.4 micrometers), and the standardization thickness Hp of 
the electrode of a parallel SAW resonator / lambda^ 0.08 (Hp = about 3500**), and was made to be set to Hp/lambda-Hs / 
lambda=0.02. 

[0027] (5) The package lid was put and closed, after having cut into each SAW filter F in the dicing method the wafer which 
patterning completed, having pasted up in the package for SMD (Surface Mounted Device:surface mount element), having fixed 
each SAW filter F by the epoxy resin and carrying out the ultrasonic bonding of the pad section of a package, and the pad section 
of SAW filter F with aluminum wire of 35microphi (diameter of 35 micrometers). 

[0028] and the in-series SAW resonators 11a, lib, and 1 1 c and the parallel SAW resonators 1 2a and 1 2b — 40 pairs and 
transposition width of face made [ the logarithm of the DDT electrodes 1 a and 1 b ] 301ambda (it is the wavelength of SAW and 
lambda is about 4.4 micrometers), and the number of electrode fingers of reflectors 2 ten by 20, parallel SAW resonator 1 2a, and 
12b side by in-series SAW resonatorsa [11] and 1 lb and 1 lc side 

[0029] Thus, the filter shape of produced SAW filter F is measured using a network analyzer, and the result is shown in drawing 
2 . Drawing 2 (a) is this invention article, and becomes steep [ the shape-factor section ] compared with the conventional article 
of (b), the frequency span also becomes below a half and the frequency margin has doubled [ more than ]. 
[0030] Therefore, when 1 000 SAW filter F was produced, the defective resulting from the aforementioned frequency margin was 
completely lost, and became about 100% of the yield. 



[Translation done.] 



1 of 1 



8/7/01 1:45 PM 



http://www4.lpdl.Jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] The frequency characteristic of the SAW filter of this invention is shown, and (a) is the electrode layer thick Hs of an 
in-series SAW resonator. Electrode layer thick Hp of a parallel SAW resonator The graph of the |Z|-frequency characteristic when 
making it thin, The graph of the filter shape in the case of (b) corresponding to (a) and establishing a predetermined decrement 
region in the high region side of a transit frequency band, (c) is Hp. Hs The graph of the |Z|-frequency characteristic when also 
making a twist thin and (d) are the graphs of the filter shape in the case of corresponding to (c) and establishing a predetermined 
decrement region in the low-pass side of a transit frequency band. 

[Drawing 21 The graph for (a) explaining the filter shape of the SAW filter of this invention and (b) are the graphs for explaining 
the filter shape of the conventional SAW filter. 

[Drawing 3] Resonance frequency fr of the conventional general SAW filter It is the graph of the deltaf(=fa-fr)-frequency 
characteristic which shows the relation of antiresonant frequency fa. 

[Drawing 4] It is the graph of the deltaf-electrode layer thick H property concerning this invention, and, for the black dot mark, a 
piezo-electric substrate is LiNb03 of 64 degreeY cut-X propagation. Although it consists of a crystal, for a graph and the white 
square mark, a piezo-electric substrate is LiTa03 of 36 degreeY cut-X propagation. It is a graph although it consists of a crystal. 
[Drawing 51 The example of the ladder type SAW filter which can apply this invention is shown, and (a) is [ a 2.5 step T type 
circuit diagram and (c of a 2.5 step pi type circuit diagram and (b)) ] three step type circuit diagrams. 
[Drawing 61 The frequency characteristic of the conventional SAW filter is shown and (a) is Hp =Hs. The graph of the 
|Z|-frequency characteristic of a case and (b) are the graphs of a filter shape corresponding to (a). 

[Drawing 71 It is for explaining the problem of the yield fall resulting from the conventional frequency margin, and the graph of 
the SAW filter number-frequency characteristic with which (a) shows the status of the high yield by the large frequency margin, 
and (b) are the graphs of the SAW filter number-frequency characteristic which shows the status that the yield fell by the narrow 
frequency margin, 
Pescription of Notations] 

I a: IDT electrode 
lb: IDT electrode 
2: Reflector 

3: Input terminal 
4: Output terminal 

I I a; In-series SAW resonator 
lib: In-series SAW resonator 
I lc: In-series SAW resonator 
12a: Parallel SAW resonator 

1 2b: Parallel SAW resonator 
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m S A Wj^^WB^afSftHWHp / A = 0 . 0 
8 (Hp =ft35 00A) Hp /A-Hs /A 

= 0. 0 2t^SJ:'5tL7t. 

[0027] ( 5 ) «i'--y^TU')iA^ 

4">>'/ffiTffl«OSAW7-f/l'*Ffc:;r><yhU fl« 
COSAW^-f^FSrX^^fflliT'SMD (Surface 
Mounted Device : SffllQI*^) fflW\-.y^r-v'|*)^ 
$ff. EJgU 35,u<£ (tS35«m) OA 1 
TV\" y tr-i*Wy HgPi: S AW7 <;^FWir Kg? 

SihLfc. 

[00 28] fi^JSAWit©? 1 1 a, 11 

b. 1 1 cRVM.mSAYtjtMTl 2a, 12b»4, I 
DTIEBs 1 a , 1 b^HJfcftM 0». SEttH^ 3 0 A 

(AI4SAW«0»£T. $<74. 4jum) . g£f2§2«01E 
«»tt»4lEHS AW-H** 11a, lib, llciil 
T2 0*. MSISAWftS^l 2 a. 1 2 bffliJT'l 0* 

[0 0 29] iOJ:ot:L"CfWLfcSAW7-f/l'^F 



4) «§(PP1 0-3 3 5 96 5 

6 

£U *^«MRftBI2(c5rr. 12 (a) tt+JHftftT 
* 0 . ( b ) iOflSsfeftlCjt^, S/ x -7-7 t * 

y* { 2fgW±(c^roTV»l>„ 

[ 0 0 3 0 ] ft-oT. SAW7^k?F£l OOOfflfE 
[003 1] 

[WHtfflWH *#5li4. 7^-S«0SAW7 *;i^(c 

10 fcHT. K^JSAWitjR^omffiOffl1g«JiHs /A 
fcMMSAWAfi7^«S^148^kiWHp /Afctf. 

S«tt«rm±S*s i^x — 7*7 r 9 ^«WM«K+« ,s Sr 
20 [Hl]*JW»SAW7^;^offliaK»tt«:5SU. 

(a) imnsAw#m : ?-<r>imw9-Hs zmmsaw 
m*nmmmHp xoi>w< uzt$cn\z\-m 
mm&cr)?? 7 . ( b ) <± ( a ) ic«tj&LjBwa»» 

(c) liHp £Hs *J:»>i»<U:i:& 
*> I Z I -ffl»f»»tttf!>*<97. ( d ) (4 ( c ) fctfJfS 

« 7 4 )V9 imco?? 7 T£> h . 

[02] ( a) (4*j%HH<0SAW7-f/^<07 </k?W 
30 tt*aHH-fftfcft^7 7, (b) {4f£#OSAW74 
;U^*07 -f ^^»tt*KBW6fc»^97T**. 

IH3] «BIW>--SH&SAW7 -f/l^toftSHttRf 
r fcK^fflgti&faaHffi&i'r'J-. Af ( = fa — fr 

) -fflflaM*tt<0^57T**. 

[04 ] *IHHfcl*b* A f -tiilHS8»/57 
T\ HftEH»iffitffl£* ; 6 4* Y* 7 h - XfSJScOL i 

Nbo 3 7. eraftew±j±*ts 

«#3 6' Y*7h-Xfi»<0LiTaO3 ttAft>&j£ 
£i>0)W7 7T-£>6. 
40 [H5] *»Wft3iW*C , *69^-fiSAW7^yl'^0 
ft*<5!l5:^L. (a) 142. 5S«S«)[g»H. (b) 
(42. 5STiicO[Il»SI2, (c) l43gSc9ElS8[!rfc 
5. 

[B6] tS*«0SAW7-f;l/^^»«tt5-^L > 
( a ) I4H P =Hs | Z | -ffltf«1*tt<0^5 

7 N ( b ) tt ( a ) tC*tJCtl> 7 -f )V9W&<T)?y 7X' 

[@7 j a3fw)ffl»»v-^>tcjaiau*:*e9fiT<o 

50 y>fcj;ftK*«i)««!B-fe*rSAW7<;^fflR- 
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->X&m tfffiT Lfcttffltt Tn-t S A W 7 < IV 9W& - 

1 a : I DTlffi 
1 b : IDTmfiS 

2 : 



8 



3 : A^SSi 1 

4 : ftjim? 

11a: £«SAW&*f 
lib: W.nSAW^WF 
11c: K?iJSAW*:|g7 
12a: M5"JSAW«ii^ 
1 2b:&mSAimm=F 
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C5MHh) 
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